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(57) Abstract 

PROBLEM TO BE SOLVED: To naturally scribe GaN 
light-emitting chip (LD, LED) along the cleavage plane 
of a substrate and use the cleavage plane of the LD as a 
resonator plane. 

SOLUTION: GaN self-supported single crystal is used for 
a substrate. When a light-emitting GaN-based crystal Is 
laminated on the GaN substrate, a thin film crystal Is 
grown, having the same orientation as the substrate. A 
light- emitting device chip can be separated by cleaving 
the sufc)strate at its {1-100} face. When LED is used, the 
chip shape are a triangle, a parallelogram, a rhombus, 
and a hexagon. When LD is used with a parallelogram or 
rectangle chip cleavage plane becomes a resonator. 
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m^mu (0 0 0 1) is^fb/J'j»^ Ambuss 

[0 0 0 1] 

immm-t^tkm^m :^mM\^m\:i5^)^L. (Ga 

GaN$:'\5"DXtf;$'^^S^-\';H5KS$1±Tl^^o GaN 
r^j t.\.^^(D\t.n^m'f'^^^m'^. InCaN, A 

ne)^*i»i)TG aN^<h^?|L;^^>COT*^p J<9 
[0 0 0 2] 

X t^ta i: ^ (if L Tt^ :7 T -V ^ffl i/^T (.^ 

lt :7 r S tR <^ ± G a N JIP^ ^ X tf 5^ V ; 

M $ T T J C H A '5 CO T S5 fa T' CO X tf ^ + ^ ; 
l*SJC(^l/^Tt^^o 1 6 %&>&t)O<0A 1 

N A**;; y rSLXSVkUG a N A'^y TtfetSOiSMfr J; 0 , 
GaN#ir^-|li;ijcS?!?^'^fl6<h;^j:o;^Co jWi.^G a N^^'^b^^X 
S$ii:'5?tntT$>^7&^^. ^yr-<^&Wim^\^^tz'^^ 40 
^g^^^lc^jnxr^o 5ig7ti$^-f :t-K^U-ify-1':t- 
<0±(3<iei»< G a N(7)5B7tSB^^7!;^KoT(/^^?tnfTf$» 
-So i^:7 7-f *V/Ga NOlS-&#:^^T*^/j^6:^#< 

[0 0 0 3] -ottiKli^^RB;&^^u><bl^'9C<5:-e*'&o 

1 6%<;)t*^^s^^w-r^Kacojs^H<7)±{c^7"Dx 

'ba;<75:S« T|TBg$nTli-6GaNf8^3^'r::r-KC0JS 
^10« cm- 2 'b<OBi?Bffi<?)<tefi:7&^^-5o LT&^U^tl 50 



11-340576 

2 

Tt>fg3ty'<:t- K (LED) , (L D) 

-So L EDcO^^ti 1 ^^B^mchS^^n^o CCOct'^/iCi^ 

^ 1% CO ii^JJC V> U - -tf i$^-r :t- K T ^ n« cfc 0 i^^**, 

[0 0 0 4] th:7 7'1'-VS«co||8.'^Jitj ^a<ho^^o 
mm\^U^^t.\^^oZ.^X^^. S iSt£Tt>GaAsS 

'>xy\^it3^T^¥fT^PtCc]:oTS^^^t" 
[0 0 0 5] r ^\z\t.mWS\ti^U^^<J^X. ^:5L)\ 

[0 0 0 6] ^JU»rCDaiicOft!l{C. U-1t':5i^-< H(0« 
'&H=^li§gflFffi!cOffljS;&«*^o 1:^:7T'1'•^'co±^CGaN 
^m-&>^c'fecofr^i¥gB-e#;^«/^7&^e>, 3gi|*l'Tf?iSflW(c^^ 

[0 0 0 7] 

[fge^TJ^^'^^Lct^ch-r^f^.^] i^mmm^x^^'Dt: 
T-r'Vffi«±<;)G aN(c«iej?gIgtc:Ktt7&^*^. <J:(<^a 

[0 0 0 8] ffilS^UTS i G^^^o 
^>*^o L;5?^LS i Ctii^{iiDT^t)> #^*&cofp1^7!?^^ 

-So s i G^m^tL't^t.-mziy.vmzu^o. im. 

[0 0 0 9] ^ntcSSS1S«^F^f±;^^*^<hl^oTt> 
^ntiStSJSScO^B^tttC'r^Yjii.^o ^co±tc$Et?Tl^ 
^G aN<h^Ba;&^-ii'r^<!:«K6/cJ:^^o i^»f«/bL?&^ 
Jr5^{z;^c5^7;?^*U-tfcO^^®§§<hLTcDii^#ttt^^cv^ 

[0 0 10] -^tiOGaN^gTtl^^cT^atR^iGaN^^ig 
^B7!^^*^t>Sl>o G aN{C«^gatt?&^»^L, GaNcOJi 

«rTfe^o G a NSS±^CfN-p;^cGaN^'-1f^^'1':^- 
[0 0 11] ;^J:^^^^:S«.WtC^iG aNSffi^rfig^'^^ 
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$/B<,^-5*;!)^T#;tj:l^o G a UTG a N^^^S 

^7!»^LJi^T, G a -G a NfgJK^tf^dcbj^^^-e^'S 

&mz'r^^^um(D±^\^^^^B^Vr'm'r^(Duyf^mx 
[0 0 12] ^:ix-ifmf\^\mm:fS.mm^mm,m^Hm 

mzUm^^ C ii^JSt^^^l^Aco G a A s StgCD±{cr^ 
fflfiESffi»CctoT/2:(/^G a Nf»fl^^^-T-PXtfi$^^>-^ 
;i/0jcS$it^o G aNJ?^^it-^bTt0^. (DW 
^OGaN^ff^o ^nm^S'lT'cC'VX^^G a A s 
<O±{C{^0-7X^<7)B^DgB (^J ^e>GaN^Si)^{Cfi)c; 

T^^LffilStllEl^G aN(D^J^,PB^i^^T#^o en 

[0 0 13] Z.<D^mti^mmA(D. ^m^9-2 9 8 
3 0 0^. 1 0 - 9 0 0 8mzBMib^^\Z^nxi^ 

G aN<^^7"^;HS:filC'::>l'^T^'riftB>«-r^o 

\tmmm(Dm\z:i^\^'^Thmomi^}&^^n^o GaAs 
(111) Arlff<&»lSi:-r^o c:n«3lHi^**l^tt<ofc^ 
mx$>^o (111) Amt\^^o(D\tG ami^f)^mm\z 

M^T-u^'5@^Tfe^o A s (111) Biii<h 

«/>^p S i O2 35:<i:COVX:i7^^nt^o ;in«G a N7&^ 

fiScS ^ is u cfc ^5 fiES wiMff ffl * ^ ch T 

[11-2] (Dyjl^lZtai^Z^^M^^X^lzmif 
,^>td:^<7>:5[^tc li22^t>OjEHIIfl^<011.^a)f4S{:: 

[0 0 1 4] ^ 1 tl^X^^^CDgE^^TF-Tp — ^tf 

^dT^>^?!>^ [11-2] :^{tmz^/ux\.^^o mm^m 

<h<7) [- 1 1 0] :Sfft](Dffgfittt^ 3'/2 d/2 T'ab'S>o a 

Nl^T^r^fl^L^^cCV^o Ga AsTftt/tntt:iGaN<^7;»^^'r 

G 8LAs^^hm'^'r^':^tk(Dm^±^^^<. 
r)GaNffii;&^7^lHl*r«itt€:=b'^ (0 0 0 1) iB^J^JiSo 
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[0 0 1 5] ^ 1 (DiKmoymmM-^^. m4 (d 

^m'::>±x(D9:^%%mm\z^fT^mi^o{z<k'oxmmm 
(k 1 m) Tj^^^l^^n^^TOiffi^^tTo <agi|(7)p:;(f{4 
^mm'r^\z\tf\^mmxmm^^m^ (k im) <hs 

<o 

• [0 0 16] :in'^tm^'t^:^\^^mm'r^{z\tmc 
10 m%m')im^i^wAxw\\^m.^m^ [k 

mm^^m^. <k lm>i:S<o m^:«^f^<k 1 m> 
\tmm:fi^ [k 1 m] ?0^btHf6LTm*<gffOtcJ:oT 

[0 0 17] Mtg^k I mfilEXti^COS^T^^o 

xum.m\z6^ij^y}\z<\^^i)^^t^^?LU\,^o [i 1-2] 
(D-2 \t.^(D-Jj^\z2 t\^^oz.t.x^y). 2o±{::^i^ 

^ {^nt T^T^ ^ T ^ ^ (7) -e * ^ o 

[0018] GaAs \tiT.-)j^X$>^. 3 ^ill a . b. c 

7:;m^L.^«Tfe'i)o m\t^mz^'D<D^mi^ (k i 

56> [ 0 0 1 91 G a NtiA^^S^T^So 4 ftll a . b, 
d. c^mo. a, b. dti— ¥IifTl 2 0* (D^m^ 

t^^^mx^^o u\^^{zmiLX\tu\^K cmtctub^ 
mizm^f^o c^mo\ze\si^miif)^$>^. 4mmz 
j:^mmt3mmzj:^^mmf)^$>^o ccx\tt4msc 
m^m\f^^. m (k i nm) tmo(D\t. mi^sf)^ 

a. b. d. c^mm^.^f}^ayk. b/1. d/n, 
c/m;t*^l^^ CchTS>^o cttili$fe5i:TS»^7;?^\ a, 

b. dWl^SBji-efcCl/n 3 0CD*gS:gf*:(C«k+ 1 +n 
= 0 <h(/OirDtfA;U-;U7J)^*lS?tCj#?&^oTl/^^o (0 0 

0 1) m^t&mmD\z6i^MW^<D$>^mx$>^. 
[0020] 1^1, m4 (1) o)^7s^m^f<oi^mf)^ 

6. it«WfS^T, G aNOA*y'7r®*^ta^:gT 

cinjiMoc (^m^^mmit^^) . hvpe (a 
^-r K^ffl^:^^) . MocvDri (mm^mcvD 
m ta^^m^^^o 04 (2) iZTjk'tJioizts.^o 

{c:iS?aTGaN^fiE:S$1i-^a:> J?^^^;^TE 
;?-r^o Cc7)Jg^^^. MOC, HVPE. UOCVDU 

<D±\z^^^B:^^a::^^^o z,n:^m2iz^-tikmx^^. 
50 Mf)^ibJE7^Am\zm&f)^ji:f>^^. '^^{zfS.m^^^'r^ 
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<h PIS.® e> L T # t) <D ^ ^ ct ^ /J 

[0 0 2 1] $^t3GaN^gg^Jggt*-5,h^4 (3) <D 

[0 0 2 2] G aN^igffilr-^l^Tjn-C^. Mnt>^ffl 

1. HVPEfS (Halide Vapor Phase Epitaxy) 

G a <hHC 1 ^Jfz^^ii-G a C 1 ^ff 0. ::n<^:T>^ 
XT^KiS^itT, GaN^^fig-r-So Ga+HCl^ 
GaCl, G a C I +NH3 -►G aN^U^^ Jz-^t^^^cJ: 
G a^M^l^^'l-^hT-S, — 0.G a C 1 ^rf^-S ^hl^-? 
<#ia}0^*fe^o G a C 1 ^J!i*-r^;5^e" A^-f K" <ht.^ 

2. MOCffi (Wia^MiSfb^liimetailorganic chlori 
de) -GaWflS^JS^SrHC 1 ^JK^S^iirGaC 1 

cnch7>^:XT^jS^e::$il-, GaN^lt^o Ga a? 
(CHa) 3 +HCl~*GaCl, GaCl+NHa-* 

3. MOCVDffi (W«8^M{t;#fl«J^ffllSSffime tailor 
ganic chemical vapor phase deposition) •••Ga^lS 

^ ifijg tC 7 > ^ X T SliS $ i± G a N ^ -^/ict" -5 o 
G a (CH3 ) 3 +NH3 ^G a N <hffi¥«c:^3^$ tl 

[0 0 2 3] MOCffichMOCVDr*<7)jSl^^Ji^|-r^ 
^T'^-So 1:^:7 r-fi'S«±(OG aN^£gcD/ie6lCtiM 

[0 0 2 41 StiHVP EilM<7)mB§^7K-ro IS^SCO 
^J?c;;^P 1 C7)$i0(rntfil^c;)h-^ 2:6^*ti^tt»^ti^„ I^PS 

NH3 +H2 :tfX/O^^A^n-&o mPti^T.mX'^Af)^^ 
HC I +H2 :tfX?^^'2gA$n'5« j^jetPlco±gBtctd:. 
GaTS5 7&^*DCC:t3^«Ga;?&^*iiX^$n'5)o b-i$7 2 

I^-T^-So it-fey^^ 7<7)±(CGa A sSffi97&^*Ki±Tfe 
^iSJ^l tctt:tf;^fiftBP 1 O^&^^-oTS^flNr^lSfl 

J^iJLTG a C 1 Tlj^T^-So cm^*T::^'\«En7 >^X7 
ihiSlC L G a A s r^XA 9 ±ICG a NJIPJK<!: UT/SST 

[0 0 2 5] 

«6G a NStR^fflir^TG a NS!5t3fe^€::5 < OSilEtC 
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aN (0 0 0 1) Sffi(^±*C, G aNI^t^l^^xe^'^^ 
[0 0 2 6] 

[f£^<^*M<OJ^Si] G a N<7)^gfl®fi (1-10 0) 

T^-So fliSiiljSiJc;^j::Jo'r<li [1-100], [01-1 
0] , [-1010], [-1100]. [0-11 
0]> [10-10] TS^^oG a.NSteti (0 0 0 

1) ^^m\zm^. cioGaNaK±Tcn6«s</^(c 

[0 0 2 7] JE^f^MLED^y-:/ (0 7) , MML E 
y-f mi 0) , JET^Mm^yZf W 1 1) O^ofJim , 

mwmLrzLED^y'y^^mtT$>^o LDom^iit. 

< t h^mmmitmmr^ z.t.\z.k^ xm^^f^o 
^(Dm(Dm^mm\z^'DX'D<^^'r^^i. wnmmm 
f)^-^m\zu^^ ^<Dm(Dmmmmwx<^\^'^t'r^^m 

[0 0 2 8] 

immm] [mmmi (GaNS^so^^» ] ^4fcG 

a NS<S(7){^$3ri<&7i^To 2-f>^^cOGaAs (11 

1) Am^mmtLxm\^'^rzo Ga Assis(^±fc:s i 
^^(DmM^w^^v.fz. ^1^04 (1) tc7F-r« 

(Ommitt. GaAsSffi(7) [1 1-2] CDp5l^lC4Mm 
\fy^XAiR^^-m\Zfj:ib^. ^(Dm^^^ [-11 

o]:fjj^\z3, 5 ummnrz&m\zmc\:^y^xm(0!^ 
Vim:^^wtE-r^^vi>z±^i,zw^^^m^i.Lrzh(Dx$> 

-So {lLBI^o^Uci5t/^Tti, Si^t3^lcoSrf^tcl/2 
bf 5^ Actt-r^ •a:;^ciBS <i:T-&o 

[0 0 2 9] ^COf^HVPE (A^'l' KVPE) m\Z^ 
0> $^4 9 0t:T. ^>;6^68M'r^Ga AsS^cO±JC 

j-^yyTm^ms 0 nnKDm^xmzLrzo 04 (2) 

cOtt^(c;S:^o C)(r^TGa Asa«*#fiU, *^9 7 0 

X:<DUmx% 1 2 0 Mm<DP;^<OGaNXtf^ + f>^ 

^pjcg^i±;^o 02, mscoiKm^mx. 04 

(3) <Ocl:^;a:ttffilc;5:^o 

[0 0 3 0] •e<^^Tia<OGa AsSSS:3E*iC<fc-:pT 
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l^-^LfCo ^4 (4) ICtkTo bT.g5zT#^¥f*: 

[0 0 3 1] C(7)GaNS<fitin^(D®att^7KLfco 
G aNSffili (0 0 0 1) ffi;^^^jiiT'^^#«g^'r^o 

{1-10 01 T*fSlr^^(C©B3T#^*^«g7&^26 

Bf::«^^T^;^co ^^ffitiit^^t^T. mwm\m\t.^'^ 

T$>^^^«SliSLfco (1-10 0) (O^P^^fiJfflLT 
d n * fflO Bl t" ^ G a N ^ y ^ o < S c: <h T # S o 

(1 - I 0 0} §?P^©Wiii^ffi!l®<*:'r^ffi7t^^ 
(LED, LD) ^fP^^;J>^T^^o 

[0 0 3 2] [^i6ei)2] njssi^ji t.n^(h:hm^^^ 

Tf^ffiLfcGaN*^S»« (0 0 0 1) ^l±i%tt^|B^<!: 
-r^o *SS<^Ji^tiS;^^0> [1 

- 1 0 0] :^[S]HS<ffr>Yc^.i|ii2 /xm. '7;^>:7itg3 n 
mco X h ^ T'ff^ CD® 0 ii L ^'cj: ^ ^/t i b 
/to HJfefiSJ K^^J^'&tfJJ^lHl^OG aNS«7&«#^n 

G a N (0 0 0 1) M(D±HMOC VD (WIS^S ^ 
{b#mffifi)cfia^) ^^c^O LEDcDXtf^^^i^i-MSiS^ 

0 6 tC»riSS^^-ro GaNK«l 2<7)±fC. n- 
A 1 G a NHSIIM 1 3, Z n K-^ n - I n G a N l 4 . 
p-AlGaN16, p-G 1 7 t^o^^OizmiZ 

'$i^\z^(D±izmmi^(ommmm2 0. pfflij®fii2i^ 

#t+;^Co $bt::G aNS1S<7)SiiffflJJ::nffli)®M2 2 ^JF^ 
^i^fz. 30 
[0 0 3 3] LED5^*y •:/O?i^JK^0 7'-0 1 1 tr^ 

f o mmum\t.m 12-16 trTK-To g a n (o 0 0 

1) ^F<4<7)S>RTfe-2>7!>^e». ^(7)±(D {1-10 0} M 
H^iStr«iS3S'r^5&^S«.^»c:6 OfiE(OftJS^/j:-ro 

:fttil2 0*' ^fctd:6 0' tCfig^^n-So 
[0 0 3 4] 0 7tr^-rLED«IEHftJl^-Cfe^o [1 
-100], [01-10], [- 1 0 1 0] C03OC7) 

^ y <h ^ o (7) ^im® n I ^ 7!>^ L E D T ^ ^ 6 ¥341 T 

viNO :xij\mm\zm%m^^\<m'^ 2:^mzmyt^uu 

[0 0 3 5] HSJC^-TLED^S^TfeSo [0-1 
10] > [10-10], [01-10] > [-101 
0] <7)4-:3co^fflSi^ffliliS(3t)':P5^^y :/T*'5o •i'x/N 
®ffifJcWBfia^frt7!iK«'&tti:t^(Z6 0* S:«j:r2ffla) 
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[0 0 3 6] 0 9 {rT^-TL ED^^frGgiajl^TfeSo 
[0-110], [10-10], [01-10], 

[-1010] (DA^(Dmmm^mm\z^^'5^y^'(:^ 
'Q$>^t^^^nmmw^\zfs.^. ^x,j\mmzm^m^» 
^\^^ (0 14) o rzrci.w-nmm(Df^mf)mt^^o 
t: \.xm-ijmm^'^n^m'^\znm^^^o 

[0 0 3 7] 0 1 OrCTKTcOJi. •aff^CDLEDT^'So 
[1-100], [10-10], [01-10]. 
[-101 0] (D4ocD^^ffi^ffliJiS(3fet)^^y ytr^ 
So IEH^^fl^3 0^J'*S(.^ti505)'<hV^'5<t^;S:J^«T 

\^\zmm-f^'j^-^ti^^^o 0 1 sjc^-To -^tr^p^-r 
s c t n 7? # 1 -^m \%mmn^\^ ti^fs.\^^f)^ ^ — m 

So. 

[0 0 3 8] 0 1 1 t3^TO«iE/s^^fl^(DLED^-/y 
T*So [1-100], [10-10], [01-1 
0], [-1100], [-1010], [0-11 
0] co6'3CC>^g3M^fflll®t3fco5^'yy-tr&So lEA^^ 

[0 0 3 9] Z,(DJL\±^^iy^)VlSL^m{^^(DG^l^W- 

^^^mm^ {1-10 0} (ommm^mmi^x^yzfiz 
^rnvTz. ^mmm{z^^f)^ib^^f)^^^tiu^z^m'v 
^fzo :zn^<D5^/'<'i xitx^mmmyj^^nmmmizmt^ 
^«tb}/b<hcs, BM^\,^n&¥t^f)^M.^nrzo led^ 
Lxmn\zW}ir'-t^z.^f)mm'^nrz. ^y':/(Dy^i^ 
>^\t^mmm\z^^rz^mmmmx^^o ^^t^^ 

S1S±coG a N5='nWX^»Si]TS;^cJ6l3fT:bnsXi:7 

[0 0 4 0] G a n(Dmmm\^ {1-10 0) X$>^tl^ 
:zn\t (0 0 0 1) Si:ffi^-rSi:V^'5f»L'S(j5^^&S;&^— 

-J5'K\^^\zm.'Sclyf^^^t.\^^o!Kj^^^^o L ED^^^y 

P?flM$il32^-&SC<hli^pTfl6T?«;:ti^^o 0 1 7 ic^n 
^^-To JEi^f^me fghij«(0001) MT<7)§S 

^MT^So st^tzeo' (D^^u^. mmm^ (oo 
0 1) m\zm.^x$>^i)^^ (0 0 0 1) ffitzm^^rsiE 

Afttt<7)M®7&^^ra®?^fi:m3^T*So iEAfttt^4 
5* (omAxmWi1r^^^T\zm\^^tz^oi^^^'f^ni^ 
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mmzmmt^c, -o -zm^ \.t:i'^m^(D l e d^^ 

(10 0 1) M'Q^y^z.cD^^f^m^^?^^^ 
'S.liitiliLl^. GaAs(7D (111) ffi^TCtCXtf^ 

[0 0 4 1] [^SS{5«J3 (LD<0«^) ] IfeJSSe^JlT'i^ 
ffi!bfcGaN (0 0 0 1) SffiJcG a N Ix-tf ^f^ffij U 

itfi. MOC VDfifet::J:oT. G a NS1S<?)±(CA 1 G 
aN^. I nGaN MQWJi, A I GaN/i, pIHG 

{1-10 0} Tfe-s^&^e. X h^-i'y<;):^riS]^< 1 - 

1 0 0><h-rnt^^i^o IS 1 8C0cJ:^tc:i/-lft«it^{^ 
0, Xh^'fy26^<l-100> (C^frl^j^MT 

-So t^\zmm.um¥m2 A. 24, -ch, cn<hi2 

0* $:;^<j:f «l»r^2 5, 2 5. -tZcl;-:? TX^57 ^-T y-T 

'5tc¥-t-rBy2I?ecOLD<i:7S:'&o «ili2 4, 2 43&^iSBBiBf 

n;<>^*ii4:lg§g^^-<i:;^j:^o it r -VSK^tj^^bT ^ 
— «h r '1' ir^lSG a N U-if J::lt'^S&:)T¥ 

[0 0 4 3] m^iwiii^x^mtmrntrnwrn^^^. ^ 
\z\jm^t\\tu^u\i^(r>'^. ±^< iioT':;xy\ffiijao 

^E<D^O\Z^^^^. **J6W»r^2 5<i:X b^<:/2 
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